Libraries of cloned cDNA were prepared from complete genomic RNA and isolated S RNA of the Bulgarian L3 isolate of tomato spotted wilt virus (TSWV-L3). Northern blotting of TSWV genomic RNA detected clones specific for the L, M and S RNAs in the library from complete RNA. S RNA-specific clones selected from both libraries covered approximately 2-8 kb (about 95 %) of the S RNA. Sequencing of these clones showed TSWV-L3 S RNA to be ambisense. It contains two open reading frames (ORFs); one of 1401 nucleotides located on the viral RNA encodes an Mr 52400 (52K) protein, and the other of 774 nucleotides on the complementary strand encodes an Mr 28 900 (29K) protein. Expression of the 29K ORF in bacteria and immunological analysis of the fusion protein synthesized confirmed that the 29K protein is the N protein of TSWV-L3. Comparison with the published sequence for the S RNA of a Brazilian TSWV isolate, CNPH1, revealed almost complete identity in the amino acid sequences for the 29K protein, but several clustered amino acid exchanges in the putative 52K protein. In addition, the separating non-translated intergenic region of the S RNA of the Bulgarian isolate is 81 nucleotides longer than that of CNPH1.
Libraries of cloned cDNA were prepared from complete genomic RNA and isolated S RNA of the Bulgarian L3 isolate of tomato spotted wilt virus (TSWV-L3). Northern blotting of TSWV genomic RNA detected clones specific for the L, M and S RNAs in the library from complete RNA. S RNA-specific clones selected from both libraries covered approximately 2-8 kb (about 95 %) of the S RNA. Sequencing of these clones showed TSWV-L3 S RNA to be ambisense. It contains two open reading frames (ORFs); one of 1401 nucleotides located on the viral RNA encodes an Mr 52400 (52K) protein, and the other of 774 nucleotides on the complementary strand encodes an Mr 28 900 (29K) protein. Expression of the 29K ORF in bacteria and immunological analysis of the fusion protein synthesized confirmed that the 29K protein is the N protein of TSWV-L3. Comparison with the published sequence for the S RNA of a Brazilian TSWV isolate, CNPH1, revealed almost complete identity in the amino acid sequences for the 29K protein, but several clustered amino acid exchanges in the putative 52K protein. In addition, the separating non-translated intergenic region of the S RNA of the Bulgarian isolate is 81 nucleotides longer than that of CNPH1.
Tomato spotted wilt virus (TSWV) has gained in both economic importance during the last 10 years (Cho et al., 1989) and academic interest since it seems to represent a group of plant viruses that should be considered a genus in a family of otherwise vertebrate-infecting viruses, the Bunyaviridae (Milne & Francki, 1984; de Haan et al., 1989a de Haan et al., , 1990 Elliott, 1990) . This proposed classification, hitherto based solely on morphological and protein chemical data (Milne & Francki, 1984) , has recently been substantiated by nucleic acid sequence data for one of its genomic RNA species and by elucidation of the genome arrangement of this RNA and the replication strategy of the virus (de Haan et al., 1989a (de Haan et al., , 1990 Kormelink et al., 1990) .
The variability among different TSWV isolates has been estimated by differences in symptom expression (Best, 1954) and confirmed by serological comparisons using either polyclonal (Wang & Gonsalves, 1990) or monoclonal antibodies (Adam et al., 1990; de .Avila et al., 1990) .
In order to compare the nucleotide and amino acid sequences of TSWV isolates from different geographical locations, we have started to sequence the S RNA from the Bulgarian isolate TSWV-L3 that is described in more detail by Adam et al. (1990) . The TSWV S RNA sequence obtained for a Brazilian isolate, TSWV CNPH1 (de Haan et al., 1990) , was used for comparison. In this paper we report the partial nucleotide sequence covering two open reading frames (ORFs), of the S RNA from the Bulgarian L3 isolate and present a comparison of the two available sequences.
The virus isolate TSWV-L3 and its purification and core preparation are described in detail by Adam et al. (1990) . RNA from purified cores was isolated according to Maiss et al. (1988) . Complementary DNA of total genomic and gel-purified S RNA was synthesized (Gubler & Hoffman, 1983) , blunt-end ligated into , and subsequently used to transform Escherichia coli strain N M 522 (Hanahan, 1983) . Denatured genomic RNAs of TSWV were separated in 1 ~ agarose gels (Carmichael & McMaster, 1980) , blotted onto nitrocellulose and hybridized with random primed 32p-labelled cDNA clones (Feinberg & Vogelstein, 1983a, b) .
Single-stranded DNA templates of original clones, or of clones after exonuclease III treatment (Henikoff, 1984) , were produced (Vieira & Messing, 1987) and sequenced using both the universal and the T3 promoter-0000-9798 © 1991 SGM When the clones, which were obtained from complete viral RNA preparations, were hybridized with endlabelled viral RNA, approximately I00 clones with inserts ranging between 0.3 and 2.2 kb in size were obtained. Further screening by hybridization against Northern-blotted viral RNAs revealed that this library contained clones against the L, M and S RNAs. The clone pTSWV-L3/335, which reacted specifically with the S RNA, was used to detect further S RNA-specific clones in the library of cDNA clones prepared from purified S RNA. According to an established physical map our S RNA clones covered approximately 95 ~ of the complete RNA and had a restriction enzyme pattern similar to that of the TSWV isolate CNPH 1 (de Haan et al., 1989b) .
Sequence determinations were carried out mainly from the two clones pTSWV-L3/335 and pTSWV-L3/308. The assembled sequence of 2837 nucleotides is shown in Fig. 1 . Comparison with the terminal sequences of the TSWV isolate CNPH1 revealed a 100~ overlap at the 5'-terminal end, starting at position 42 (de Haan et al., 1989b (de Haan et al., , 1990 . Screening of our cDNA libraries indicated that the extreme 5' and 3' ends were not represented.
Two ORFs were present on the S RNA of TSWV-L3 (Fig. 1) , the larger one on the viral RNA strand and the smaller one on the complementary strand. The ORFs were separated by a non-coding region of 586 nucleotides. Computer analysis suggested that this region could form a highly stable secondary structure by internal base pairing of the thymidine-rich (41.5~) stretch and the inverted complementary adenosine-rich (37-5 ~) region. The genome organization was identical to that described for the CNPH1 isolate of TSWV (de Haan et al., 1990) . Comparison of the nucleic acid sequences from L3 and CPNH1, using the program BESTFIT, revealed 94~ and 62~ identity, respectively when tested with and without alignment of the two sequences. In order to reveal variabilities between the two ORFs of TSWV-L3 and CNPHI we have analysed and compared the corresponding homologous nucleic and amino acid sequences.
The 1401 nucleotide ORF on the L3 virus RNA contained the information for a protein with 467 amino acids, and an Mr of 52400. Comparison of the respective nucleic acid sequences from CNPH1 and L3 with BESTFIT resulted in 96~ similarity or 67~ identity. When the amino acid sequences of the two putative proteins encoded by the homologous ORFs were compared and aligned, it became obvious that the changes at the nucleic acid level also led to substantial differences between the two proteins; the TSWV-L3 sequence had an insertion of four amino acids (residue 234) and a deletion of one amino acid (residue 342). In addition, several amino acid exchanges were observed, some of which were clustered in two regions, positions 54 to 71 and positions 335 to 355 (Fig. 2) . However, the 92~0 similarity calculated for the two amino acid sequences of the suggested NSs proteins of the CPNH1 and the L3 isolate indicated that the two proteins are related. The number and location of possible glycosylation sites (NXT/S; Doolittle, 1986; Fig. 2 ) were identical to those described for CNPH1 (de Haan et al., 1990) , suggesting that some of them might be used. No homologies could be observed with proteins in the GenBank (Release 60-0) and the EMBL Data Bank (Release 19.0).
The second ORF, located on the complementary S RNA strand, was almost identical to that of the CNPH 1 isolate. Both sequences were 774 nucleotides long and could code for a protein of 258 amino acids with an Mr of 28900. No glycosylation sites were detected. A nucleic acid sequence comparison revealed 97~ similarity and 65~ identity, whereas the amino acid sequences were almost completely identical, except for four amino acid exchanges in our sequence at the following positions: 42, lie to Leu; 88, Gly to Ala; 230, Val to Ile; 255, Ala to Thr. Only the last exchange resulted in a change to a dissimilar amino acid.
We assumed that the protein encoded by this ORF was the N protein of TSWV-L3, for which an apparent Mr of 28000 was estimated by SDS-PAGE (Adam et al., 1990) . To prove this, we inserted pTSWV-L3/308 into the expression vector pEX2 to give pEXcpTSWV-L3 This construct was expressed in E. coli pop 2136 cells (Maiss et al., 1990) and the resulting fusion protein was analysed after SDS-PAGE, transfer to nitrocellulose (Adam et al., 1987) and incubation with TSWV N-specific antibodies (Loewe Biochemicals). The antibodies specifically stained a protein band of Mr 79000 which is in good agreement with the calculated value of 76000 for the expected fusion protein (results not shown). This result further verifies that the 29K ORF codes for the N protein, as has been reported by de Haan et al. (1990) for TSWV CNPH1 and emphasizes the close serological relationship between the two TSWV isolates reported by Adam et aL (1990) .
Due to several insertions, the intergenic region of TSWV-L3 S RNA which separated the two ORFs was 81 nucleotides longer than the corresponding part of the CNPHI sequence. Suggested secondary structures resulting from internal base pairing in both intergenic regions were analysed with the program FOLD, using 25l LRVPKVLKQVSIQKLFKVkGDETNKTFYLSIVCIPNHNSVETALNIS~IC positions 1485 to 1986 (CNPH1) and 1452 to 2036 (TSWV-L3). Both structures had a similar stability as indicated by minimum free energy values of -468 and -482 kJ/mol for CNPH1 and L3, respectively. The insertions in our sequence caused a much more complex folding, but the same nucleotide sequence (AC)AATTT(TGG) remained exposed in the prominent stem loop region. The conservation of this sequence in an identical structure suggests that this region might have a regulatory function, as proposed by de Haan et al. (1990) . In summary our data obtained regarding the genome organization of the S RNA of a Bulgarian isolate of TSWV are in accordance with the results of de Haan et al. (1990) . As a similar genome organization is observed for the S RNAs of viruses belonging to the genera phlebovirus and uukuvirus in the family Bunyaviridae (Elliott, 1990), our results corroborate the grouping of tomato spotted wilt viruses into a separate genus of the Bunyaviridae as suggested by Peters (I990). However, comparison of nucleic acid and amino acid sequences revealed differences between the two isolates, especially in the putative NSs protein ORF and in the intergenic region, whereas the N protein sequences of both strains were almost identical, as expected from serological comparisons (Adam et aL, 1990) . Whether the differ-ences detected in the NSs protein and the intergenic region are of genetic importance remains to be determined.
